After more than two millennia of theorizing, a unified view of how laughter works is still lacking. Over the years, philosophers have proposed three predominant hypotheses to explain this peculiar human behavior: laughter is triggered by a feeling of superiority (superiority theory), by the appreciation of something that violates our expectations (incongruity theory), or by the release of nervous energy (relief theory; Morreall, 1987) . More recently, some psychologists and anthropologists have suggested that laughter is, first and foremost, a means for social bonding and communication that evolved to change the behavior of others (Provine, 2000; Dunbar, 2012; Scott et al., 2014) . We can dub it the social-bonding theory.
Despite the growing interest in understanding the social and cognitive bases of laughter, neuroscientific research tackling this topic is largely underdeveloped. There are at least two good reasons for this. First, being a social behavior, laughter disappears when isolated experimental subjects are scrutinized in a laboratory (Provine, 2000) . This is nevertheless how experimentation in human cognitive neuroscience is usually performed, even when studying laughter.
Second, laughter involves grimaces, vocalizations, and postural movements that produce artifacts when using imaging techniques. Hence, it is not surprising that most correlative studies of laughter focus on the visual or auditory perception of others' laughter.
In a recent study, Manninen et al. (2017) took a different approach to studying the social role of laughter from a neuroscientific point of view. Instead of studying the neural networks underpinning laughter production, they focused on the effects of laughter on the brain. Specifically, they investigated whether, and where in the brain, emitting social laughter results in opioid release. To avoid problems related to movement artifacts, subjects viewed comedy clips before undergoing PET scans with [ 11 C]carfentanil, a ligand specific to -opioid receptors (MORs). To enhance the emergence of social laughter, each subject watched the clips with two close friends. Control PET scans were performed on the same subjects after they spent a similar amount of time (30 min) alone in the testing room.
Whole-brain analyses showed that the production of social laughter increases opioid release in the anterior insula, the anterior cingulate cortex (ACC), and the posterior cingulate cortex (PCC), in addition to the basal ganglia and the thalamus. A decrease of opioid release, in contrast, was observed in the midcingulate cortex, which is often associated with affective aspects of pain perception (Vogt, 2005) . None of these effects was observed during the control condition. Subsequently, the authors compared the amount of social laughter recorded in the pre-experimental manipulation with cerebral MOR availability, finding that the amount of social laughter was correlated with baseline MOR availability (i.e., the number of unoccupied receptors) in the ACC, PCC, orbitofrontal cortex (OFC), and ventral striatum (VS). This last result is particularly intriguing as it suggests that people with more MORs in these areas are more prone to engage in social laughter and, accordingly, that baseline MOR availability in these areas represents a potential tool in predicting the likelihood of inducing social laughter in a given subject.
In a previous study , the same group found that social touch-the possible human analog of primates grooming-increases MOR availability in a similar set of brain regions. Together, these results are particularly informative. Considering that grooming is thought to reinforce social structures, Manninen et al. (2017) speculate that (1) laughter evolved as an alternative mechanism for reinforcing social bonds in groups beyond those that can be maintained by grooming in primates (Dunbar, 2012) and (2) that this mechanism is mediated by opioid release in a network anchored to the brain structures mentioned above.
This view would bring further support to the social bonding theory of laughter. However, these results might be also accounted for by an alternative explanation. As recognized by Manninen et al. (2017), the lack of significant opioid release during the control condition may be due to the absence of social interactions, rather than to the lack of laughter production. More generally, opioid release in the identified regions can be induced by a number of different pleasant sensations, independent of laughter and social contact. In line with this view, the ACC, a key region identified in the study by Manninen et al. (2017) , is modulated by placebo and opioid analgesia (Petrovic et al., 2002) , which are related to pleasant sensations but not to laughter or social interactions. Lacking a direct link between these regions and laughter, Manninen et al. (2017) cannot make a strong case for the link among neuroanatomy, laughter production, and opioid release but, rather, only for the following two independent statements: laughter results in opioid release; and opioid release modulates different brain regions. Additional evidence from other techniques are needed to add the missing piece to the puzzle.
According to Manninen et al. (2017) , the rate of laughter bursts correlates with baseline MOR availability in the basal ganglia and, more specifically, in VS. Although this structure is associated with different rewarding and motivated behaviors independent of laughter, recent evidence showed that deep brain stimulation in the VS evokes mirthful smiling and laughter in patients with treatment-resistant obsessive-compulsive disorder (Gibson et al., 2017) . Strikingly, VS stimulations that induce mirthful smiling also induce a modulation of the blood oxygenation level-dependent signal in several regions described by Manninen et al. (2017) : the ACC, the anterior insula, the MD thalamus, as well as the frontal operculum. This latter region was not explicitly discussed in the study by Manninen et al. (2017) , but see below for a possible involvement of frontal operculum in social laughter.
The contribution of the ACC to laughter is well established. A causal, rather than a merely correlative, role of ACC in laughter production has been shown in recent electrical stimulation studies in epileptic patients (Caruana et al., 2015) . Stimulation of the pregenual sector of the ACC (pACC) evoke laughter along with a genuine feeling of mirth in half of the patients. Consistent with this, fMRI studies showed that the pACC is involved in the processing of happiness, while the subgenual sector of ACC is involved in sadness (Vogt, 2005; Saarimäki et al., 2016) . The link among pACC, laughter, and social contagion is further strengthened by evidence that the same pACC site from which laughter has been elicited by electrical stimulation is also active during the observation of others' laughter, but not the observation of crying or neutral expressions (Caruana et al., 2017 ).
More intriguing is the role of the anterior insula. The authors interpret the contribution of the anterior insula as related to the processing of social touch, mediated by C-fibers. This seems like an unlikely interpretation, because C-fiber stimulation activates the dorsal posterior insula (Olausson et al., 2002) while MOR availability peaks in the anterior sector. An alternative interpretation is that MOR availability in anterior insula also includes the adjacent frontal operculum (Manninen et al., 2017, their Fig.  3) , very close to the superior border of insula, and that both stimulation studies (Fernández-Baca Vaca et al., 2011; Caruana et al., 2016) and lesion studies (Lauterbach et al., 2013) associate with laughter and smile production-gating emotional input to the volitional communicative system.
Two additional regions where baseline MOR availability correlated with laughter production are PCC and OFC. Although PCC has been linked to happy feelings (Vogt, 2005; Saarimäki et al., 2016) , and OFC is involved in the rewarding effects of affective social interactions, no studies have reported that laughter can be elicited by electrically stimulating these structures or impaired by their lesion. This suggests that the contribution of PCC and OFC to opioid release might be of a different kind. Conversely, some regions from which laughter has been elicited by electrical stimulation, such as the pre-SMA, the superior frontal gyrus (SFG), and the basal temporal lobe (BTL; for review, see Caruana et al., 2016) , showed little or no laughter-induced opioid release, suggesting that their contribution to laughter likely concerns motor and semantic aspects, rather than social-bonding functions.
In conclusion, the study by Manninen et al. (2017) offers important support for the social-bonding theory of laughter and, more specifically, for the view that laughter evolved as a neurochemical mechanism to reinforce social bonds (Dunbar, 2012) , with a reservation: the number of regions showing laughter-induced opioid release likely exceeds those specifically involved in social laughter. On the other hand, the number of regions that stimulation studies associate with laughter production surpasses the number of those specifically contributing to social laughter (e.g., pre-SMA, SFG, BTL). At the intersection between these two sets of evidence, only the pACC, the anterior insula/frontal operculum, and the VS appear to play a causal role in the production of social laughter. This raises the intriguing question of whether the remaining three philosophical theories of laughter focus on aspects of this behavior underpinned by different brain networks.
